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Investigation of 
Warning Signs for 
Median Crossovers 


by 


Gillian M. Worsey, Charles E. Dare, 
Richard N. Schwab, and Samuel C. Tignor 









This article describes the results 
of a study of advanced warning 
median crossover signs that were 
tested in a laboratory for legibili- 
ty, understanding, recognition, 
and preference. The study in- 
dicated that the most appropriate 
word message sign would be ME- 
DIAN CROSSOVER. Such a sign 
was not actually tested but the 
subjects understood a MEDIAN 
OPENING sign the best, and the 
majority of subjects thought that 
“crossover” was the word that 
best conveyed the intended mean- 
ing. Legibility of the symbolic 
signs, however, was much greater 
than for the word messages. 


The symbolic sign found to be the 
best out of those tested was one 
showing two crossover noses. 
This sign did well in legibility and 
understanding tests, was least 
often confused with other signs, 
was the sign most preferred by 
the subjects, and also was the 
simplest of the warning sign sym- 
bolic designs. 
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Introduction 


Median openings often are used on 
divided arterials and other non- 
freeway highways between intersec- 
tions to accommodate minor turning 
movements into driveways and 
U-turns to assist maintenance opera- 
tions, policing, and repair service to 
stalled vehicles. About 35 percent of 
the accidents occurring between in- 
tersections on four-lane highways in- 
volve median openings. (7)' The 
largest percentage of these accidents 
involves vehicles attempting to cross 
four lanes through a median opening 
(table 1). 


The Manual on Uniform Traffic Con- 
trol Devices (MUTCD) provides for 
the use of a median crossover sign 
(D13-1) but does not suggest nor 
identify an advanced, warning-type 
traffic control device for median 
crossovers. Roadway delineators used 
to identify horizontal alignment and 
hazards adjacent to the roadway are 
also commonly used at median 
crossovers. 





‘Italic numbers in parentheses identify 
references on page 121. 


In response to a proposal by the 
Virginia Highway and Transportation 
Research Council (VHTRC) that a 
research study investigate the effec- 
tiveness of traffic control devices at 
median crossovers, the Federal 
Highway Administration (FHWA) 
conducted such a study last summer 
at its Turner-Fairbank Highway 
Research Center (TFHRC) in McLean, 
Virginia. This article describes the in- 
vestigation of the effectiveness of 
various advanced warning signs and 
delineators at median openings. 


Study Methodology 


Test Signs 


Sixteen candidate advance warning 
median crossover signs were iden- 
tified from a literature review and 
survey of current State practices. To 
keep testing time to approximately 1 
hour, only seven of these signs were 
selected for laboratory testing of 
legibility, understanding, and driver 
recognition. 
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Table 1.—Frequency of median opening accidents by accident type (/) 
Accidents 
Accident type Number Percent 
Hit while attempting to cross four lanes 899 39 
Hit from front while turning through median opening 589 25 
Hit from rear while turning from outside lane 445 19 
Hit from rear while turning through median opening 297 13 
Hit from rear after turning through median opening 88 4 








The seven candidate signs included 
five symbolic and two word signs 
(fig. 1). The word sign CROSSOVER 
was used because it is the wording 
on the sign included in the MUTCD, 
and the word sign MEDIAN OPEN- 
ING was used because it included the 
word ‘‘median.”’ 


Five of the signs tested were yellow 
diamond warning signs. The two per- 
missive signs included the sign from 
Virginia that led to the original study 
request and a Permissive U-Turn 
sign, both of which had green 
backgrounds to denote permissive 
signs. 


The seven signs were composed on a 
computer graphics system as were 
three other signs used as distractors. 
Ten other MUTCD signs composed 
on the computer graphics system as 
part of other FHWA studies also were 
used as distractors, making a total of 
20 signs for subject viewing. The 
signs were superimposed onto a 
digitized photograph of a median 
crossover so that the crossover signs 
were in an appropriate environment 
with associated visual cues. Slides 
and prints then were made of the 
superimposed signs (fig. 2). 


The slides were rear-projected onto a 
translucent screen. The size of the 
projected image of the signs, 2 3/8 in 
(60.3 mm) from point to point of the 
yellow diamond, was chosen so that 
subjects with the best eyesight could 
not recognize familiar signs at the far- 
thest distances from the image (110 ft 
[33.5 m]). A long advance projector 


Subjects 


Thirty paid subjects participated in 
the testing—five males and five 
females from each of three age 
groups (16-29 years, 30-49 years, 
and 50 years and over). The mean 
age was 40.5 years (table 2). All sub- 
jects had their vision tested to ensure 
corrected visual acuity of 20/33 or 
better. The average visual acuity was 
20/20. The 16 subjects who wore 
corrective lenses for driving also wore 
them during the laboratory testing. 
All subjects had correct color vision. 


Testing procedure 


The study addressed the subjects’ 
understanding and recognition of the 
signs tested as well as the legibility of 
the signs. Legibility, or the clarity of 
the sign, involves letter size, width, 
and spacing; color; and contrast. 
Understanding relates to the subject’s 
ability to correctly interpret the mean- 
ing of the sign. In this study, the in- 
itial measure was the subject’s un- 
cued understanding; before seeing 
the seven candidate signs, the sub- 
jects were not given any information 
on the meaning or purpose of the 
signs. After the subjects had been in- 
itially tested with all of the candidate 
signs, the signs’ meanings were ex- 
plained. This subsequent sign 
understanding in further testing was 
known as cued understanding. 
Recognition relates to the subject’s 
cued understanding and ability to 
identify a sign correctly in a short 
period of time. 


Legibility and understanding 


Each subject was briefed on how the 
testing would be conducted. After 
any questions the subject had were 
answered, the first slide was pro- 
jected.on the screen. The subject 
walked toward the projected sign un- 
til he/she could identify any feature 
on the sign. The feature and the 
distance at which it was identified 
were recorded until all the major 
features of each sign had been iden- 
tified. 


The subjects also were instructed to 
give the uncued meaning of the sign 
as soon as they thought they knew it. 
If the meaning they gave was incor- 
rect, they were instructed to try 
again. To prevent long viewing times, 
the subjects were encouraged to 
guess, if necessary, the meaning of 
the sign. 


When the subject had identified all of 
the features of the sign, he/she 
walked back to the beginning of the 
tunnel, the next slide was presented, 
and the procedure was repeated. This 
process was repeated until the sub- 
ject had seen all 20 slides. The slides 
were presented randomly (a different 
order for each subject) with the 
stipulation that the first two signs 
were not candidate crossover signs. 
In this way, the subjects, without be- 
ing aware of it, practiced the pro- 
cedure with a distractor sign. 


Recognition 


After the subjects had completed the 
sign legibility and understanding 
testing, the intended meaning of the 
crossover signs was explained and 
the subjects were given prints of the 
seven candidate median crossover 
signs to become familiar with them. 


- NSS ELIS REA AS ASANTE RS LA TS RSE A SS AY SE REST 
control cord allowed the slides to be 


advanced from the 110-ft (33.5-m) 


Table 2.— Mean ages of subject groups 








distance. Age in years 

Sex 7 16-29 30-49 50 and over Mean 
The testing took place in a tunnel ap- Male abo. 38.8 59.8 39.93 
proximately 12 ft (3.7 m) wide by 12 Female 24.0 42.0 57.4 41.13 
ft (3.7 m) high by 120 ft (36.6 m) Mean 22.6 40.4 58.6 40.50 





long at the TFHRC. The slide projec- 
tor and screen were at one end of the 
tunnel. 
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CROSSOVER y CROSSOVER Crossover Arrows 


(black on yellow) (black on yellow) 


Permissive Crossover—Virginia 
(white on green) 





MEDIAN 
OPENING 






MEDIAN OPENING 
(black on yellow) 





Permissive U-Turn (black on 
white, green background) 





‘Crossover Nose Crossover Nose plus Arrows 
(black on yellow) (black on yellow) 





Figure 1.— Candidate median crossover signs. 
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Figure 2.— Crossover sign superimposed onto digitized photograph of a median crossover. 





The subjects were shown the slides 
again, this time in a different random 
order. The subject walked toward the 
projected sign until he/she could 
identify it. Again to prevent long 
viewing times and to maximize confu- 
sion, the subjects were encouraged 
to guess the signs’ meanings as far 
as possible from the screen. Any con- 
fusion and the distance at which it 
occurred were recorded as was the 
distance at which the subject correct- 
ly identified each sign. When each 
sign had been identified correctly, the 
subject walked back to the beginning 
of the tunnel, the next slide was 
presented, and the procedure was 
repeated until each subject had seen 
all 20 slides. 


Preference 


Although the three basic study areas 
were legibility, understanding, and 
recognition, a fourth area of interest 
was subject preference for the can- 
didate signs. In the final part of the 
testing, the subjects were instructed 
to arrange prints of the seven 
crossover signs in order of 
preference. The rank of each sign 
then was recorded. The subjects also 
were asked several questions con- 
cerning their thoughts on the use and 
meaning of median crossover signs. 
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Results 
Legibility 


Table 3 summarizes statistics for the 
identification of features data. The 
mean distances reported here in feet 
are a relative measure of legibility 
from this laboratory test and not the 
distances at which drivers would be 
able to read the signs in a real driving 
situation. 


Sign shape was identified for all but 
the Virginia sign at a mean of approx- 
imately 100 ft (30.5 m). The shape of 
the Virginia sign could not be iden- 
tified until considerably closer—a 
mean of approximately 63 ft (19.2 m). 
Statistical analysis showed mean 
distance for the Virginia sign was 
significantly different. Sign color 
could be identified at a mean of ap- 
proximately 100 ft (30.5 m) or more 
for all of the signs, and the mean 
distances for each sign were not 
significantly different. 


The mean distance at which the color 
of the symbol or letters could be seen 
was between 70 and 90 ft (21.3 and 
27.4 m) for all but the Virginia sign 
and the Permissive U-Turn sign, 
which had color identification 
distances of approximately 57 and 55 
ft (17.4 and 16.8 m), respectively. 
Statistical analysis showed these two 
mean distances were significantly dif- 
ferent. 


The presence of a symbol could be 
seen at a mean of approximately 80 
to 90 ft (24.4 to 27.4 m) for the 
Crossover Nose, Crossover Nose plus 
Arrows, and Crossover Arrows signs; 
for the Permissive U-Turn sign and 
the Virginia sign, the means were 
shorter, approximately 66 and 52 ft 
(20.1 and 15.8 m), respectively. Let- 
ters on word signs could not be seen 
until somewhat closer—a mean of ap- 
proximately 54 ft (16.5 m) for the ME- 
DIAN OPENING sign and a mean of 
approximately 48 ft (14.6 m) for the 
CROSSOVER sign. Statistical analysis 
again showed that these mean 
distances were significantly different. 


The individual pictographic elements 
on each sign were identified at vary- 
ing distances; the most obvious result 
was that the word signs could be 
read only at very short distances—a 
mean of approximately 12 ft (3.7 m) 
for the CROSSOVER sign and a 
mean of approximately 11 ft (3.4 m) 
for the MEDIAN OPENING sign. 
Statistical analysis of the distances at 
which the smallest pictographic ele- 
ment could be identified showed that 
these mean distances were 
significantly different. 


The directional information conveyed 
by the symbol on the Crossover Ar- 
rows sign could be seen at a mean of 
approximately 50 ft (15.2 m) com- 
pared with a mean of approximately 
35 ft (10.7 m) for the presence of the 
crossover nose symbol on the 
Crossover Nose, Crossover Nose plus 
Arrows, and Virginia signs. The sym- 
bol on the Permissive U-Turn sign 
was seen the least well, at a mean of 
approximately 25 ft (7.6 m). 


No significant relationship was found 
between the identification distance 
and the size of the largest dimension 
of the symbol or the largest dimen- 
sion of individual pictographic 
elements. No significant relationships 
were found between identification 
distances and biographic variables 
such as age, sex, weekly mileage 
driven, accidents and violations in the 
past 5 years, and wearing corrective 
lenses. As might be expected, sub- 
jects with the best visual acuity had 
longer identification distances for all 
of the signs but the Permissive 
U-Turn sign. 
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Sign 
Permissive 
MEDIAN Crossover — Crossover 
Feature ee _ CROSSOVER OPENING Virginia ; Nose = 
Shape of sign M 99.90 106.67 62.77 101.96 
SD [S235 10.18 29.38 12.91 
N! 30 30 26 28 
Color of sign M 106.30 107.87 99.03 105.67 
SD 7.47 7.01 20.85 9.9] 
N 30 30 30 30 
Color of symbol or letters M 74.96 70.95 57.48 78.82 
SD 26.29 25.20 27.54 24.84 
N D3 22 29 28 
Presence of symbol or letters M 48.10 $3.93 S175 82.54 
SD 24.59 19.42 20.24 2AGS3 
N 29 30 8 26 
Presence of median nose M 34.03 36.20 
SD 12.61 10.88 
N 30 30 
Road pattern M 
SD 
N 
Crossover movement M 
SD 
N 
Read legend M APE 11.40 
SD 3.50 3.4] 
N 30 30 


Crossover 
Nose plus Crossover Permissive 

__Arrows _ Arrows U-Turn 
103.63 108.20 100.64 
12.50 5.64 19.73 

30 30 28 
107.40 107.80 100.27 
6.99 5.93 19.75 

30 30 30 
84.04 89.16 54.92 
FPL. 22.09 Shes 

ey] WS. 26 
84.86 89.56 65.88 
21205 20.97 28.22 

29 25 ws 
34.60 26.43 
13.42 11.98 

30 30 
34.43 es 24.97 
MbeTAl 16.59 6.69 

30 30 30 
48.37 24.73 
Lay 7.08 

30 30 





' Sample sizes (N) differ because not all subjects mentioned all features. 
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Legend 


M = Mean 
SD = Standard deviation 
N=Number of subjects 








A breakdown of the data according 
to sex showed that the females iden- 
tified the shapes and colors of the 
signs and the presence and colors of 
the symbols at slightly longer 
distances, whereas the males iden- 
tified the details on the signs at 
longer distances. However, statistical 
analysis did not show any significant 
effects of sex on the legibility 
distances. A breakdown of the data 
according to age did not show any 
consistent differences. 


Uncued understanding 


The subjects were encouraged to 
guess the meaning of the signs as 
soon as possible. Their answers were 
coded according to whether they 
made an incorrect guess before a cor- 
rect one or could not guess the 
meaning (table 4). No consistent pat- 
terns of replies were found when the 
data were broken down according to 
age or sex. 


The sign that conveyed the meaning 
most successfully was the MEDIAN 
OPENING sign for which all of the 
subjects gave the correct meaning, 27 
of the subjects without a wrong 
guess first. Least understandable was 
the Permissive U-Turn sign for which 
only 15 subjects gave the correct 
meaning and only 9 of these subjects 
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Table 4.— Frequencies of correctness of answer by kind of sign 














Sign 
Permissive Crossover 
MEDIAN Crossover — Crossover Nose plus Crossover Permissive 
Kind of answer CROSSOVER OPENING Virginia Nose Arrows _ Arrows ———-U-Turn_—© 
Correct answer first time 16 i 13 18 15 13 9 
Partially correct answer before 
correct answer 
or 10 3 4 5 8 1] 6 
Incorrect guess before correct 
answer 
Incorrect guess and no correct 
answer 
or 4 0 1B 7 ) 6 15 
Don’t know 
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without a wrong guess first. The 
Virginia sign also caused problems, 
with 17 subjects giving a wrong 
guess first, and 13 of these subjects 
never guessing the correct meaning. 


The signs were confused or misinter- 
preted nearly 100 times (table 5). The 
Crossover Arrows sign was confused 
most often, mainly with “‘hospital’” or 
“‘H.’” The Crossover Nose plus Ar- 
rows sign also was confused 
numerous times, mainly with ‘‘divided 
highway” or ‘‘two-way traffic.’’ The 
CROSSOVER sign was confused an 
equal number of times, mainly with 
“‘crossroads,”’ ‘‘bridge or overpass,” 
and ‘‘construction.’’ Confusion of this 
word sign occurred probably from 
misreading rather than from not 
understanding the meaning of the 
sign. Some of the more obscure 
misinterpretations of the signs in- 
cluded ‘‘mountains,”’ ‘‘football,”’ 
“tunnel,” ‘jogging,’ and “‘use 
seatbelts.” 


Table 6 shows the frequency of 
misinterpretations based on age and 
sex. The 30-49 years age group 
misinterpreted the signs more often 
than did the other age groups. 
Females 16-29 years old misinter- 
preted the signs more often than did 
males of the same age group, but 
this could be because of a greater 
willingness to guess rather than 
because of a greater difficulty in 
understanding the signs. No pattern 
was found in the kinds of misinter- 
pretations for each sign according to 
age or sex. 


The mean distances at which subjects 
understood the meanings of the signs 
are shown in figure 3. The word signs 
were understocd at much shorter 
distances than the symbolic signs 
because the subjects had to be able 
to read the signs before they could 
understand them. The Crossover Ar- 
rows sign was understood at the far- 
thest distance and also by the most 
subjects; however, this sign also 
caused the most confusion before a 
correct answer was given. Statistical 
analysis of the distances at which 
subjects understood the signs 
showed that the distances were 
significantly different. 


No significant relationships were 
found between understanding 
distances and biographic variables 
such as age, sex, weekly mileage 
driven, accidents and violations in the 
past 5 years, visual acuity, and wear- 
ing corrective lenses. A breakdown of 
the data according to age and sex did 
not show any consistent differences. 


Recognition 


The recognition tests were conducted 
after the subjects were told the 
meaning of the signs. Figure 4 shows 
the mean distances at which the sub- 
jects recognized the signs. The 
Virginia sign was recognized at by far 
the greatest mean distance because 
of its distinctive color and shape, 
followed by the Permissive U-Turn 
sign. The word signs again were 
recognized at the closest mean 


distances. Statistical analysis of the 
mean recognition distances showed 
that the distances were significantly 
different. 


Table 7 shows the frequency of con- 
fusions for each sign. The Crossover 
Nose sign was the only sign not 
recognized by all of the subjects. The 
total number of confusions was only 
20; 8 of these involved the Crossover 
Nose plus Arrows sign, which mainly 
was confused with ‘‘divided 
highway.’’ The Crossover Arrows 
sign was confused five times. 


No significant relationships were 
found between recognition distances 
and biographic variables such as sex, 
weekly mileage driven, accidents and 
violations in the past 5 years, and 
wearing corrective lenses. However, 
age was negatively related to recogni- 
tion distances for the MEDIAN 
OPENING, Crossover Nose, 
Crossover Nose plus Arrows, and 
Crossover Arrows signs; younger 
subjects found these signs easier to 
recognize than did older subjects. 
The recognition distances for younger 
subjects also were longer than for 
older subjects for all of the symbolic 
signs but not for the word signs. 
Mean recognition distances were 
longer for each younger age group; 
however, statistical analysis did not 
show any significant effects of age 
on the recognition distances. 
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CROSSOVER 
MEDIAN OPENING 


Permissive Crossover—Virginia 


Crossover Nose 


Crossover Nose plus Arrows 
Crossover Arrows 


Permissive U-Turn 


10 20 


Distance (ft) 


30 40 50 
1 ft=0.305 m 


Figure 3.—Mean uncued understanding distances. 
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_ Table 5.— Frequencies of misinterpretations by kind of sign 














Sign 
Permissive Crossover 
MEDIAN Crossover — Crossover Nose plus Crossover Permissive 
ae a : CROSSOVER OPENING _ Virginia Nose Arrows Arrows U-Turn 
Misinterpretations 18 5 10 11 18 23 13 
Subjects who could not guess the 
meaning at all — 0 0 8 3 2 0 10 





4 Table 6.— Frequencies of misinterpretations by age and sex Subjects clearly were aware of the 


sein years problems associated with crossovers. 








Sex 16-29 30-49 50 and ov 
VAC = ; rl ees BoE : The most frequently mentioned 
Sah ie ms y aa hazard was slowing traffic in the fast 
= = lane, followed by traffic accelerating 
Total 30 40 28 98 








A breakdown of the data according 
to sex did not show any consistent 
differences in the mean recognition 
distances; however, females confused 
the signs with other meanings more 
often than did males. 


Preference 


Figure 5 shows the mean preference 
ranking subjects gave to the signs. 
They ranked the sign that they 
thought best conveyed the message 
of a median crossover as number 1 
and the sign that they thought least 
conveyed the message as number 7. 
The most obvious conclusion from 
figure 5 is that the Permissive U-Turn 
sign was the least preferred, with an 
average rank of 6. The Crossover 
Nose and Crossover Nose plus Ar- 
rows signs were the most preferred, 


CROSSOVER 


MEDIAN OPENING 


Permissive Crossover—Virginia 


Crossover Nose 
Crossover Nose plus Arrows 


Crossover Arrows 


Permissive U-Turn 


followed by the two word signs, the 
Crossover Arrows sign, and the 
Virginia sign. Statistical analysis in- 
dicated there was a significant dif- 
ference among the mean preference 
ranks of the signs. A breakdown of 
the preference rank data according to 
age and sex showed the most agree- 
ment within the 16-29 year age group 
in ranking the signs, especially among 
the females. 


Subjects’ answers to general ques- 
tions on median crossovers indicate a 
need exists that could be filled by the 
use of crossover signs. Twenty-two 
of the subjects (73 percent) thought 
public use of crossovers constitutes a 
hazard on divided highways, and 29 
subjects (97 percent) thought that a 
sign would help them locate a 
crossover. 


20 40 


Distance (ft) 


Figure 4.— Mean recognition distances after cued understanding. 
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into the fast lane, turning traffic, and 
lane changes. One subject thought a 
crossover might lead to someone 
driving on the wrong side of the 
road. The possibility of rear-end colli- 
sions was mentioned by seven sub- 
jects, and broadside collisions by four 
subjects. Only two subjects did not 
associate any hazard with crossovers. 


Subjects also were asked what effect 
a crossover sign would have on their 
driving. Twelve subjects said they 
would look for the sign if they 
wanted to locate a crossover, and 
two subjects said they would be able 
to change lanes or to signal when 
they saw the sign if they wanted to 
use a crossover. Fifteen of the sub- 
jects said they would look for slowing 
traffic if they saw a crossover sign, 
five said they would slow down, and 
four said they would change lanes. 
Only one subject said the sign would 
have no effect on his/her driving. 


60 80 100 
1 ftt=0.305 m 
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Table 7.— Frequencies of confusions by kind of sign after cued understanding 








Sign 
Permissive Crossovet 
MEDIAN Crossover — Crossover Nose plus Crossover Permissive 
___ CROSSOVER _ OPENING Virginia Nose Arrows Arrows U-Turn 
Confusions 2 0 2 8 5 1 
Subjects who did not know the 
meaning 0 0 l 0 0 0 








When asked whether ‘’crossover,”’ 
“crossing,” or ‘‘opening’’ conveyed 
the intended meaning best, 20 sub- 
jects chose ‘’crossover,”’ 7 chose 
“‘opening,’”’ and 3 chose ‘‘crossing.”’ 
Subjects also were asked if the addi- 
tion of the word ‘’median’’ would 
help clarify the meaning, and 24 sub- 
jects (80 percent) said that it would. 


The most common reply to questions 
about the distance a sign should be 
located in front of the crossover was 
time to slow down and stop before 
the crossover. Two-thirds of the sub- 
jects gave distances of over 400 ft 
(122 m) when traveling at 55 mi/h (89 
km/h). The American Association of 
State Highway and Transportation 
Officials stopping sight distances are 
450 to 550 ft (137 to 168 m) at 55 
mi/h (89 km/h) on wet pavements. 
Twenty-eight of the subjects (93 per- 
cent) thought that adding a distance 
plate beneath the sign would help 
them locate the crossover. 


120 


Conclusions 


The majority of subjects in this study 
perceived crossovers as potentially 
hazardous locations and felt that 
signs indicating the presence of a me- 
dian crossover would likely have a 
beneficial effect on their driving 
behavior. 


Subjects also felt that the signs 
should not be placed closer than the 
stopping sight distance in front of a 
crossover or at a distance of 500 to 
1,000 ft (152 to 305 m) on a 55 mi/h 
(89 km/h) highway. 


The use of the word ‘‘median”’ in a 
word message sign is best under- 
stood by uncued subjects. Most of 
the subjects chose ‘‘crossover’’ rather 
than ‘‘crossing” or ‘‘opening”’ as best 
conveying the intended meaning. 
Therefore, it is recommended that if a 
word message sign is used, it should 
be MEDIAN CROSSOVER. The let- 
tering in the word ‘‘crossover’’ would 
have to be small to fit on a standard 
diamond sign, or an oversized sign 
would have to be used. 


The results of the legibility, 
understanding, and recognition 
distance sections of this study as well 
as results of other studies (2) clearly 
show that although word message 
signs usually can be understood once 
they are read, they are less legible 
than symbolic signs. The Crossover 
Arrows sign had the best mean 
legibility distances and understanding 
distances of the symbolic signs tested 
in this study; but it had by far the 
most misinterpretations by uncued 
subjects. It also was not highly 
ranked by subjects in the preference 
test. 


Of the other symbolic signs, the Per- 
missive U-Turn sign had low mean 
legibility distances and understanding 
distances and was least understood 
by the subjects. It was ranked last by 
the majority of subjects in the 
preference test. The significance of 
the green background to indicate a 
permissive sign was not understood 
at all. 


The Virginia sign also had low mean 
legibility distances and was not well 
understood by uncued subjects. It 
was not highly ranked in the 
preference test but did very well in 
the recognition test, presumably 
because of its different color and 
shape. It was recognized at a far 
greater mean distance than any of 
the other signs and was the only sign 
not confused at all after the subjects 
had been cued to its meaning. 
Several subjects mentioned that if 
they had initially known the meaning 
of the sign, they thought this sign 
would be the best one to use. 
However, as the meaning of the sign 
was not at all obvious to the uncued 
subjects, it would require extensive 
education of drivers to make the sign 
a useful traffic engineering tool. 


Although the Crossover Nose plus 
Arrows sign had slightly better mean 
legibility distances, the Crossover 
Nose sign had slightly better mean 
understanding and recognition 
distances and was misinterpreted and 
confused less often in the 
understanding and recognition tests. 
The Crossover Nose sign also was 
given the best average rank out of all 
of the signs in the preference test. 


Therefore, of all of the symbol signs 
tested, the Crossover Nose sign is 
recommended to indicate the 
presence of a median crossover and 
also is recommended for field evalua- 
tion. 


March 1986 ¢ PUBLIC ROADS 


CROSSOVER 


MEDIAN OPENING 


Permissive 
Crossover—Virginia 


Crossover Nose 


Crossover Nose 
plus Arrows 


Crossover Arrows 


Permissive U-Turn 


Figure 5. —Mean preference rankings. 


Rank 


Leen meme 


REFERENCES 


(7) P.D. Cribbins, J.M. Avey, and J.K. 
Donaldson, ‘Effects of Selected Roadway 
and Operational Characteristics on Ac- 
cidents on Multi-Lane Highways,” 
Highway Research Board Record 188, 
Highway Research Board, Washington, 
DG w1967; 


(2) R.J. Jacobs, A.W. Johnston, and 
B.L. Cole, ‘‘The Visibility of Alphabetic 
and Symbolic Traffic Signs,’’ Report 5(7), 
Australian Road Research, 1975, pp. 
68-87. 


PUBLIC ROADS « Vol. 49, No. 4 


Gillian M. Worsey performed this 
study in 1985 as a student par- 
ticipating in the FHWA Research 
Fellowship Program. Ms. Worsey is a 
Ph.D. candidate at the University of 
Missouri-Rolla. As part of her disser- 
tation she also will perform a similar 
study in Rolla to determine if there 
are any regional differences in the 
results reported in this article. 


Charles E. Dare is the Director of 
the FHWA-sponsored Transportation 
Technical Assistance Office at the 
University of Missouri-Rolla. He also 
serves as faculty advisor to the In- 
stitute of Transportation Engineers 
Student Chapter at UMR and is in 
charge of the transportation area in 
the Civil Engineering Department. Dr. 
Dare is active in the Transportation 
Research Board Committee on Traffic 
Control Devices and the Committee 
on Transportation Planning Needs 
and Requirements for Small- and 
Medium-Sized Communities. 


Richard N. Schwab is an electrical 
engineer in the Traffic Safety 
Research Division, Office of Safety 
and Traffic Operations Research and 
Development, Federal Highway Ad- 
ministration. He has been with 
FHWA since 1962 and is project 
manager for FCP Project 1P, ‘’Night 
Visibility.’’ His technical background 
is physiological optics and sensory 
capability of the human visual 
system. Mr. Schwab’s work at 
FHWA has involved establishing the 
effects of adverse environmental con- 
ditions such as darkness, fog, snow, 
dust, and rain on traffic flow and 
highway safety and developing 
methods for overcoming these ef- 
fects. Before joining FHWA, he was 
a graduate assistant on the staff of 
the Institute for Research in Vision at 
Ohio State University. 


Samuel C. Tignor is Chief of the 
Traffic Safety Research Division, 
FHWA. He manages research pertain- 
ing to traffic signs, markings, and 
signals; highway operations; work 
zone safety; railroad-highway at- 
grade crossings; lighting; and speed 
control. Dr. Tignor is a 1961 graduate 
of the FHWA Highway Engineering 
Training Program. 


121 













Users Terminal 


Help File 





Data Base 


Menu Interface 





TRAF 
TRANSYT-7F 
SIGOP Ill 
SOAP 
MAXBAND 
PASSER Il 
INTRAS 
TRANSYT-6C 
LINKOD 














ITDS: A Data Base Driven Interface to Traffic 
Models Using a Microcomputer 


by 


Alberto J. Santiago 





Introduction 


Developing and implementing traffic control strategies is 
complex and costly, involving significant investments in 
planning and in hardware acquisition, installation, and 
maintenance. In most cases, limitations of time, person- 
nel, and cost, together with the obvious practical prob- 
lems associated with disturbing existing traffic 
movements, preclude extensive field experimentation with 
alternative control strategies. 


In response to this problem, the Federal Highway Ad- 
ministration (FHWA) and others have developed over the 
past 20 years a number of computer programs that can 
evaluate and/or optimize different traffic control strategies 
before committing the financial resources necessary to 
design the strategies and implement them in the field. 


Extensive use of these computer programs has 
demonstrated their potential as effective tools in develop- 
ing traffic control strategies that reduce motorist 
operating costs; vehicle fuel consumption and emissions; 
planning, design, and implementation costs of new con- 
trol strategies; and costly and inconvenient retrofits when 
problems in a strategy are detected only after implementa- 
tion. 


However, differences in data requirements and input for- 
mats, the need to be comfortable working in a computer 
environment, and the perceived difficulty of using these 
computer programs— hereafter referred to as traffic 
models—have deterred some traffic engineers and 
analysts from using these powerful tools. 


This article describes the Integrated Traffic Data System 
(ITDS), a set of microcomputer programs that solves 
many of these problems by providing an easy-to-use inter- 
face to a wide range of existing traffic models. ITDS 
allows the user to maintain a local traffic data base and 
easily generate input data sets for various traffic models in 
a user-friendly manner. 
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Common Problems With Traffic Models 


Although traffic models are far more efficient and effec- 
tive than other forms of complex analytical procedures, 
their use involves inherent problems in model selection, 
data requirements, and data coding. 


Model selection 


Traffic models were designed to run on mainframe com- 
puters and, in most cases, perform independent functions 
(simulation or optimization) for different applications 
(isolated intersections, arterials, grid networks, and/or 
freeways in urban, suburban, and/or rural scenarios) at 
different levels of detail (macroscopic or microscopic). 
These limitations in function, application, and detail imply 
that various traffic models must be used to develop net- 
workwide, comprehensive control strategies. 


Model selection also depends on available computers, 
model documentation (users manuals or software 
manuals), training (accessibility and willingness to attend 
training sessions), and support from the model developer. 


Extensive documentation on model selection is available, 
however, to assist analysts in decisionmaking. 


Data requirements 


The availability of all of the data required by the models 
must be considered. Because traffic models were 
developed by different sources over time, their data re- 
quirements are similar but not identical. This implies that 
model selection dictates the data requirements which, 
depending on the data currently available, may impose 
the need for additional data collection efforts—an expen- 
sive proposition that affects the other equally important 
considerations, quality and compatibility. The output of 
any traffic model is only as good as the data that are used 
as input. If the data used as input reflect the ‘‘real-world”’ 
operation of the network, the model results will be ac- 
curate. Factors such as data collection procedures, 
separate data collections over long periods of time, and 
accuracy of equipment used directly affect the quality of 
the data and thus the representation of the traffic network 
by the models, no matter how sophisticated the models 
are. It is also important to note that problems associated 
with the quality and compatibility of the data are user- 
dependent and cannot be readily resolved. 


Data coding 


Coding, or manually processing, data is a tedious, time- 
consuming process requiring considerable personnel, ex- 
pertise, and financial support and is the main reason traf- 
fic models are now used only to a limited degree. 
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Input formats and the results reported vary considerably 
from model to model. The user is required to reformat the 
original data to be compatible with the input format of the 
model to be used, run the program, get a copy of the 
results, manually reformat the portion of that output re- 
quired by a second model, reformat any other data re- 
quired by the second model that was not used or reported 
by the first model, run the second program, and continue 
in this manner until the process is completed for all 
models used and any possible or feasible alternatives. This 
repeated manual handling and processing of data in- 
troduces repeated chances for error, further jeopardizing 
the integrity of the data. 


Advantages of Traffic Models 


If such is the case, why bother to use traffic models? 
Very simply, it is less expensive than any other form of 
complex analytical procedure. The extra costs associated 
with the use of traffic models—training and computer 
use—are easily offset by the speed, flexibility, and ac- 
curacy of the results obtained. Additionally, training is a 
one-time cost per model used and usually pays for itself 
on the first application. 


Common traffic control problems such as determining the 
impacts of implementing a pair of one-way streets in a 
downtown area, developing traffic control strategies to 
account for the closure of a section of roadway in an 
arterial, or updating the signal phasing and timing plans in 
an urban area to provide progression and reduce delay re- 
quire considerable effort to resolve manually, and their 
solutions usually are inflexible in the sense that they are 
specific to the condition and cannot accommodate 
variances readily. (For example, ‘‘what if’’ two or three 
pairs of one-way streets, rather than one pair, were to be 
implemented?) Traffic models provide this flexibility with 
minimal additional effort and certainly at less cost than 
manual methods. 


Any action taken to resolve, or at least minimize, prob- 
lems associated with using traffic models will greatly pro- 
mote their use, resulting in the development and im- 
plementation of better traffic control strategies. 


ITDS—A New Concept 


FHWA developed ITDS to resolve problems associated 
with data availability and coding. ITDS is a 
microcomputer-based system that quickly and easily 
generates input data sets extracted from a locally man- 
aged traffic data base for traffic simulation and signal tim- 
ing optimization programs. The system is designed for 
traffic engineers and analysts who use, or intend to use, 
existing traffic models to develop and test traffic control 
strategies. 


The main features of ITDS include the following: 


e Menu-driven software with online assistance for easy, 
user-friendly access. 
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e Networkwide traffic data base storage on a hard disk 
that allows high-storage capacity and access speed. 


e Data base maintenance using the state-of-the-art 
CODASYL (Conference On DAta SYstems Languages) 
type data base management system. 


e Input data sets for traffic models generated from either 
querying the data base or from user-supplied data. 


e Job submission to and retrieval from a remote main- 
frame computer where the models could be executed by 
means of communication lines. 


e Ability to use an optimization model’s output as input 
to other traffic models. 


e Data base management security. 


e Data requirements listing, on a per model basis, for all 
interfaced models. 


e Adaptability to meet future needs including interfacing 
to other traffic models and the use of color graphics, light 
pens, and ‘‘mouse.”’ 


With the exception of the job submission and retrieval 
features, all of the system’s features relate directly or in- 
directly to the data base and its management. Therefore, 
the most important task in developing ITDS was to design 
a data base structure that could store any kind of traffic 
engineering data in a generic manner and still be readily 
accessible to any external application software (traffic 
models). This requirement led to the development of the 
data base approach. 


The Data Base Approach 


A data base is a centralized collection or storage of data 
for use in one or more particular applications. In traffic 
engineering, these data include the physical and opera- 
tional characteristics of a traffic network. In most traffic 
modeling applications, specific means of handling data 
storage requirements have been developed. Typically, this 
data storage has been in the form of fixed-length sequen- 
tial or ‘’flat’’ files, which is appropriate for most stand- 
alone uses. 


Because ITDS was designed to interface to a wide range 
of models, it has a more substantial data management 
and requirement problem than do most previous applica- 
tions. For this reason, the heart of ITDS is a formal Data 
Base Management System (DBMS) —a collection of soft- 
ware that organizes, stores, and retrieves data items in a 
data base. ITDS represents the first known formal ap- 
plication of data base management theory to traffic 
engineering. 


A DBMS in this application provides the following advan- 
tages: 


e A means for sharing data among several different user 
applications. This first point is the most important. The 
DBMS provides a “‘universal’’ view of the traffic data 
base, which is independent of any particular application 
but from which each application can draw the subset of 
data it needs. 
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e A systematic and efficient means of storing and retriev- 
ing data from the data base. 


e Flexibility for expanding the data base structure. 


e Control over updates and changes, thus maintaining the 
integrity of the data base. 


System Design and Implementation 


In addition to developing a data base approach, other 
ITDS design goals can be summarized as follows: 


e Portability—ITDS must be usable on a wide range of 
microcomputer systems. Also, the software must be 
designed so that any machine-specific code is localized in 
a single subroutine library. 


e Low cost—ITDS should function with off-the-shelf 
hardware systems that are affordable to local traffic 
engineering organizations. 


e Ease of use—ITDS should be easy to learn and use, 
and the advanced user should not be burdened with un- 
necessary tutorial information. 


e Expandability—ITDS should be designed to grow and 
adapt to new environments. This includes interfacing to 
new traffic models as they are developed as well as inter- 
facing to existing models as they are implemented in 
microcomputer versions. 


e Versatility—ITDS should be able to store all kinds and 
amounts of traffic data. Preferably the quantity of data 
that can be stored should be limited only by the storage 
capacity of the computer. 


e Economical—ITDS should take advantage of existing 
software components, where possible, to save 
developmental time and funds. 


These design goals had a strong influence on the selec- 
tion of software and hardware components and on the 
overall implementation approach. 


Software components 


ITDS has four categories of internal software com- 
ponents—the screen editor, the model interfaces, the 
DBMS, and the data base editor. 


The screen editor, a general purpose interface between 
the ITDS software and the user’s terminal screen, allows 
screen ‘‘forms”’ to be presented to the user. Each form 
typically consists of labeled fields for supplying various 
data values, along with explanatory text. Default or 
previously input values automatically are supplied for each 
field. The user can change or insert values in the various 
fields by moving a cursor to the field using the up, down, 
left, and right arrow keys at the console keyboard and 
then simply typing in the new value. Range checking and 
validation are performed automatically, and errors are 
reported at the bottom of the screen. Online help is 
available for any field at any time. 


The screen editor is a much enhanced version of one 


developed originally for the U.S. Department of Transpor- 
tation’s Urban Mass Transportation Administration. 
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The second set of ITDS software components, the model 
interfaces, produces ‘‘card image” input files for the 
various traffic models. These fixed 80-column record 
length files contain all of the input data and commands to 
run their respective models. The model interfaces ensure 
that the correct data values are placed in the appropriate 
columns on each line (card) of the file. 


The data placed in these files come from as many as four 
sources—the ITDS data base, the user’s console, values 
from a previous input deck, and the models’ built-in 
defaults. The user always has the final selection because 
values can be modified on the screen before being ac- 
cepted. 


The model interfaces also retrieve selected model output 
information for storage in the local data base. Current 
plans are to attempt to retrieve and store only the signal 
timing plans in this manner, allowing a user, for example, 
to retrieve optimal timing plans output by an optimization 
model such as TRANSYT-7F, store these data, and 
retrieve them for input to a detailed simulation model 
such as NETSIM. 


As noted earlier, one of the most important components 
of ITDS is the DBMS. ITDS is built around the MDBS-III 
DBMS, an extended CODASYL network-type DBMS, 
which is designed as a library of software tools for inter- 
facing to a user’s application program. The MDBS-III 
DBMS was selected because it was the only 
microcomputer-based system available at the time that 
met design requirements for portability, security, data 
storage capacity, and, most importantly, ability to inter- 
face to a standardized programming language. 


The final component of ITDS, the data base editor, is a 
menu-driven program that allows the user to create and 
update a data base of traffic engineering data. The menus 
are presented in a hierarchical sequence for easy access 
to the various data base components. 


Several ITDS software components are external to the 
ITDS code itself, including the communications software, 
the design modification utility (DMU), and, of course, the 
traffic engineering models themselves. 


The communications software downloads the card image 
input files to a remote mainframe or minicomputer where 
the modeling and analysis actually could be performed. 
As microcomputers become more powerful, all of the traf- 
fic models may be able to be run locally on the microcom- 
puter itself, eliminating the need for communication with 
a remote site and simplifying the use of ITDS. 


The DMU allows the user to perform certain modifications 


to the data base, including expanding the data base size 
and changing passwords and user names. 
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Software and hardware specifications 


ITDS was developed using the Pascal MT+ language 
running under the CP/M-86 operating system. This 
language was chosen for the following reasons: 


¢ Pascal MT+ was the only Pascal compiler at the time 
that conformed to the proposed ISO standard. 


¢ Pascal MT+ is available for a variety of 8- and 16-bit 
computers, which assured the standardization and porta- 
bility of the code. 


° The nature of Pascal helps the programmer design effi- 
cient modular code that is maintained and updated easily. 


¢ A first version of what was to be the screen editor por- 
tion of ITDS already was coded using Pascal. 


° Pascal MT + worked well with other ITDS components 
selected, such as the operating system and DBMS. 


ITDS’s initial development and testing were performed on 
an IBM-PC using the CP/M-86 operating system. This 
system can be implemented on 8-bit machines such as 
the Apple-Il; however, 16-bit implementation allows 
greater speed and efficiency. Since the decision was 
made to use CP/M, the MS-DOS operating system has 
emerged as the dominant system for 16-bit environments. 
ITDS easily was converted from CP/M-86 to MS-DOS 
environment because machine and operating system 
specific code had been isolated in one subroutine library. 
The imminent release and support of ITDS will be only for 
the MS-DOS version. 


ITDS does not include communication software. Files can 
be transmitted to and from a remote mainframe computer 
using a number of free “‘public domain’’ modem packages 
such as MODEM-7, PC-TALK, and KERMIT. Com- 
munication also can be accomplished by means of a local 
area network. 


Expandability and modularity 


ITDS has been designed with the future in mind. Because 
ITDS’s data base structure is independent of any par- 
ticular model’s requirements, new and revised models 
generally can be interfaced to ITDS by adding only a new 
“‘deck”’ formatting module. Modifications to the data base 
structure, if required, should be minor and would not af- 
fect the operation of the system’s other components. 


As more and more mainframe traffic engineering models 
are implemented on microcomputer systems, ITDS can 
provide a standardized, easy-to-use interface. This 
eliminates a common problem of converting mainframe 
software to microcomputer use— providing an easy-to-use 
“front end” to the program. 


ITDS‘s modular design makes it easy to add new com- 
ponents to the system. One enhancement that lends itself 
nicely to ITDS is the use of high-resolution color graphics, 
which can be extremely useful when entering complex 
network data such as geometrics or signal timing plans. 
Enhancements of this kind currently are underway. 
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Status 


ITDS’s software and documentation have been com- 
pleted. The system will be released to the general public 
shortly, pending the signing of the distribution agreement 
for the DBMS. This agreement will enable FHWA to 
distribute ITDS, with the DBMS, for a small fee to cover 
the copying and handling expenses. The initial release of 
ITDS will include four major programs— DBedit, DBprint, 
NETSIM interface, and TRANSYT-7F interface. 


The DBedit program allows the user to create and main- 
tain the central data base and provides an option for 
segregating the data base for the entire network into user- 
definable subnetworks. The DBprint program creates 
hardcopies of the information stored in the data base and 
provides for a limited data base querying capability. 


The NETSIM and TRANSYT-7F interfaces are the pro- 
grams that create the input data sets (for the respective 
traffic models) by querying the data base. The TRAN- 
SYT-7F interface supports both the mainframe and 
microcomputer versions of the model. The NETSIM inter- 
face was designed for the ‘“TRAF’’ NETSIM, which is ex- 
pected to be released later this year. 


Interfaces for additional traffic models, such as PASSER 
I, MAXBAND, SOAP, SIGOP III, and the computerized 
Highway Capacity Manual, are being developed as part of 
the ITDS support and maintenance activities. Graphics 
capabilities also are being developed, and the data base 
querying capabilities are being enhanced. These 
capabilities will be available on future ITDS releases dur- 
ing 1987. 


Summary 


ITDS efficiently allows for the storage of a generic traffic 
data base that interfaces with user-friendly, menu-driven 
programs for the creation of input data sets for various 
traffic models. 


ITDS fills the gap between mainframe and microcomputer 
technology as related to traffic modeling. Traditionally, 
traffic models have been developed to run on mainframe 
computers. ITDS has taken full advantage of state-of-the- 
art microcomputer hardware and software, enabling the 
preprocessing of data to create input files offline, job sub- 
mission and output retrieval, and the automatic use of op- 
timization programs’ output as input to other models. 
ITDS is thus the middle step between the traditional ap- 
proach of creating input files manually and using a main- 
frame computer for processing and the innovative ap- 
proach of creating input files and executing the programs 
locally and interactively at a microcomputer. 


Additionally, |TDS reduces considerably the overhead 
costs associated with traffic models—training costs and 
costs associated with coding and submitting input files for 
processing. It provides information on the data re- 
quirements, therefore reducing to a minimum the data 
collection efforts. It provides an accessible, manageable, 
and centralized data base, and, last, but not least, ITDS 
provides for a simple, user-friendly work environment. 
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An important contribution of the ITDS project has been 
the development of a data base schema covering the data 
needs of a range of traffic engineering and network 
analysis models. The resulting data model has been 
designed to adapt to the changing needs of traffic 
engineering simulation and optimization tasks and also 
can be adapted to other transportation applications such 
as planning, mass transit, and safety, specifically in acci- 
dent record management. 


From a highway transportation perspective, the scenario 
for the 1980's is a very challenging one, calling upon the 
traffic engineering community to maximize the perform- 
ance of our highway system. Our Nation’s dependence on 
the movement of people and goods cannot tolerate any 
less. To cope with this challenge, major traffic engineer- 
ing actions requiring accurate analysis tools must be 
planned and pursued aggressively. ITDS is the powerful 
tool that permits the use of traffic models in an efficient 
and effective manner, resulting in better traffic control 
strategies. 


Readers interested in additional information on ITDS 
should contact the author at the following address: 


Federal Highway Administration 

Office of Safety and Traffic Operations R&D 
Traffic Systems Division, HSR-10 

6300 Georgetown Pike 

McLean, Virginia 22101-2296 

(703) 285-2027 


Alberto J. Santiago is a highway research engineer in 
the Traffic Systems Division, Office of Safety and Traffic 
Operations Research and Development, FHWA. As proj- 
ect manager of FCP Project 20, ‘’Urban Network 
Control,’’ he coordinates, monitors, plans, and conducts 
research activities related to computerized signal systems, 
highway capacity, traffic simulation, and signal timing op- 
timization programs. Mr. Santiago’s principal areas of in- 
terest include traffic modeling, microcomputer applica- 
tions to traffic engineering, and computer graphics. 
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Accident Analysis of Highway 
Narrow Bridge Sites 


by 


Charles P. Brinkman and King K. Mak 





Introduction 


Information on traffic accidents at 
bridge sites suggests a potential safe- 
ty problem and the need for more de- 
tailed data on the problem. In the 
early 1970's, bridge-related accidents 
in the States of Virginia and Ken- 
tucky, for example, not only con- 
stituted a high percentage of all ac- 
cidents, but also accounted for a 
disproportionate number of fatalities 
and injuries. (7, 2)' Bridge-related ac- 
cidents were found to be approx- 
imately twice as likely to result in a 
fatality as a typical accident. 





‘Italic numbers in parentheses identify refer- 
ences on page 133. 
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Of particular concern are ‘‘narrow”’ 
bridges whose diminished widths may 
increase the risk of single-vehicle col- 
lisions with roadside appurtenances 
such as bridge ends, railings, or ap- 
proach guardrails as well as collisions 
with other vehicles. Also, many nar- 
row bridges are structurally deficient 
because of their ages. 


A research study sponsored by the 
Federal Highway Administration 
(FHWA) examined the extent and 
nature of the narrow bridge accident 
problem.? This article presents 
selected major findings and recom- 
mendations from this study. 





2K.K. Mak and L.R. Calcote, ‘Accident 
Analysis of Highway Narrow Bridge Sites,’ 
Final Report, Federal Highway Administration 
and National Highway Traffic Safety Ad- 
ministration, Contract No. DOT-FH-11-9285, 
Washington, DC, February 1983. 


Study Approach 


Data on the physical and operational 
characteristics of bridges and their 
approach roadways were compiled 
from the computerized bridge and 
roadway inventory data files from the 
States of Arizona, Michigan, Mon- 
tana, Texas, and Washington. Acci- 
dent data were assembled from State 
accident files for all reported ac- 
cidents occurring on or within 500 ft 
(152.4 m) of these bridges for a 
3-year period using a milepoint 
matching process. The data base 
contained bridge, roadway, traffic, 
and accident data on 11,880 bridges 
and 24,809 accidents that occurred 
on these bridges or within their ap- 
proach areas. 
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Bridges included in the study data 
base had to meet the following 
criteria: 


¢ The bridges had to be on State 
highway systems. 


° The bridges had to be overpass 
structures (excluding culverts) carry- 
ing mainline vehicular traffic. For twin 
structures included in the bridge in- 
ventory file as two separate bridges, 
only the first of the two bridges was 
selected for analysis. 


® No traffic control signals could be 
on the bridges or within the approach 
areas to the bridges. 


e All key data elements on the 
bridges had to be known. 


Another important consideration was 
the definition for what constitutes a 
narrow bridge. The ‘‘narrowness”’ 
definition used in this study was as 
follows: 


® One lane, a tota! width of 18 ft (5.5 
m) or less. 


® Two lanes, a combined total width 
of 24 ft (7.3 m) or less. 


® Total approach roadway width is 
greater than total bridge width and 
either the bridge shoulder width is 
less than 50 percent of the approach 
roadway shoulder width or the bridge 
shoulder width is at least 50 percent 
of the approach roadway shoulder 
width. 


This definition generally was consist- 
ent with that used in NCHRP Report 
No. 203. (3) However, the further 
breakdown of up to 50 percent and 
greater than 50 percent shoulder 
reduction was arbitrary. 


It should be emphasized that the 
study findings apply only to bridges 
meeting the study criteria and should 
not be extrapolated or extended to 
bridges not meeting these criteria. 
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General Bridge 
Characteristics 


Because only bridges on State 
highway systems were included in the 
study, more than 90 percent of the 
bridges studied were in rural areas 
(table 1). Because there are few one- 
lane bridges on State highway 
systems, two-lane single structures 
accounted for 81.7 percent of the 
bridges studied, 95.6 percent of 
which were on rural arterials or col- 
lectors. Two-lane twin structures ac- 
counted for another 12.1 percent of 
the study bridges, two-thirds of 
which were on Interstate highways. 
The study thus concentrated on two- 
lane single and twin structures. 


Overall, 71.9 percent of the single 
structures and 39 percent of the twin 
structures were defined as narrow. 
Narrow bridges were more prevalent 
in rural areas than in urban areas, and 
the percentage of narrow bridges de- 
creased with higher functional class. 
Most bridges were straight and level, 
indicating the old practice of making 
alignment changes on the approach 
roadways. 


The average two-lane single structure 
studied was 169 ft (51.5 m) long, 27.7 
ft (8.4 m) wide with 11-ft (3.4-m) 
lanes, and had an approach roadway 
29.8 ft (9.1 m) wide. The average dai- 
ly traffic (ADT) volume usually was 
under 1,000 vehicles per day. For 
two-lane twin structures, the average 
bridge was 245 ft (74.7 m) long, 36.8 
ft (11.2 m) wide with 12-ft (3.7-m) 
lanes, and had an approach roadway 
40 ft (12.2 m) wide. Most of the twin 
structures had an ADT volume 
greater than 8,000 vehicles per day. 


Extent of the Bridge 
Accident Problem 


Table 2 shows the accident frequen- 
cies (accidents per year per bridge) 
and rates (accidents per million 
vehicles) of the study bridges by 
functional classification. Accident fre- 
quencies were higher on urban 
bridges than on rural bridges because 
of the higher traffic volumes in urban 
areas. However, when traffic ex- 
posure was taken into account, the 
accident rates were higher on rural 
bridges than on urban bridges. Also, 
accident frequencies generally de- 
clined with lower functional class 
while accident rates increased, prob- 
ably reflecting the effect of dif- 
ferences in traffic exposure and 
design standards. 


Table 3 illustrates the severities, ex- 
pressed in terms of percent in- 
Capacitating and fatal injuries, of 
bridge-related accidents by functional 
classification and lane stratification. 
The severity of accidents on rural 
bridges was significantly higher than 
that on urban bridges (11.4 percent 
versus 5.8 percent incapacitating and 
fatal injuries), possibly because 
single-vehicle accidents were more 
frequent (51.9 percent) on rural 
bridges while multi-vehicle accidents 
were predominant (60.5 percent) on 
urban bridges. Single-vehicle ac- 
cidents were much more severe than 
multi-vehicle accidents, with more 
than twice the percentage of fatal 
and incapacitating injuries (12.5 per- 
cent versus 6.2 percent). Other fac- 
tors, such as higher speeds on rural 
highways, also may contribute to this 
difference in severity. 


The study found that single-vehicle 
accidents were the predominant kind 
of accident for one-lane (73.5 per- 
cent) and two-lane (46.8 percent) 
single structures and for two-lane 
twin structures (53.8 percent), while 
multi-vehicle accidents were the over- 
whelming majority on the other kinds 
of structures. Two-lane single struc- 
tures had significantly higher accident 
severities (11.4 percent incapacitating 
and fatal injuries) than did the other 
kinds of structures. 
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The study also found that for single- 
vehicle accidents, impacts involving 
bridge parapet ends were the most 
severe, resulting in incapacitating and 
fatal injuries in almost 30 percent of 
the reported accidents. By com- 
parison, the severity of guardrail colli- 
sions was only 9.5 percent in- 
capacitating and fatal injuries, and 
the severity of bridge rail collisions 
was 12 percent incapacitating and 
fatal injuries—the average for all 
fixed-object or run-off-the-road ac- 
cidents. By using proper approach 
guardrails and transition treatments, 
the severity of bridge end accidents 
could be reduced significantly. For 
multi-vehicle accidents, head-on colli- 
sions were the most severe (23.6 per- 
cent incapacitating and fatal injuries), 
while the overall severity was 6.2 per- 
cent incapacitating and fatal injuries. 


The Effect of Bridge 
Narrowness 


The effect of bridge narrowness on 
safety was examined, and accident 
frequencies and rates for the various 
bridge types and narrowness 
categories are summarized in table 4. 
For one-lane bridges, the mean acci- 
dent rate was higher for bridges 
wider than 18 ft (5.5 m) than for 
bridges narrower than 18 ft (5.5 m); 
however, the difference was not 
statistically significant and the sample 
size was too small for reliable results. 


For two-lane undivided single struc- 
tures, in general mean accident rates 
decreased with increasing bridge 
width for bridges narrower than the 
approach roadways. However, for 
bridges wider than the approach 
roadways, the highest mean accident 
rate was at bridge widths between 20 
and 22 ft (6.1 and 6.7 m). Also, dif- 
ferences in mean accident rates be- 
tween bridges narrower than the ap- 
proach roadways and bridges wider 
than the approach roadways are 
significant for bridge widths up to 20 
ft (6.1 m) but not significant for 
widths greater than 20 ft (6.1 m) (fig. 
BS 
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For four-lane undivided single struc- 
tures, the accident rate was highest 
for bridges with more than a 
50-percent shoulder reduction. The 
accident rate decreased significantly 
for bridges with a shoulder reduction 
less than or equal to 50 percent and 
increased for bridges with no 
shoulder reduction, although these 
differences were not significant. 


Shoulder reduction appeared to have 
some effect on accident rates for 
multi-lane single structures. However, 
the differences are not statistically 
significant, probably because of the 
small sample sizes. 


For two-lane twin structures, bridges 
with widths of 24 ft (7.3 m) or less 
and bridges with a shoulder reduction 
greater than 50 percent had similar 
accident rates (fig. 2). The accident 
rates decreased significantly for 
bridges with a shoulder reduction less 
than or equal to 50 percent and re- 
mained little changed for bridges with 
no shoulder reduction. This suggests 
that there may be little difference in 
safety benefit between two-lane twin 
structures with no shoulder reduction 
or a reduction less than or equal to 
50 percent. However, the 50-percent 
shoulder reduction breakpoint is ar- 
bitrary, and the results could change 
with different breakpoints. 


Table 1.—Distribution of bridges 


























Functional classification Number Percent 
Urban: 
Interstate B23 hall 
Major arterial 622 Bae 
Minor arterial 206 lea 
Collector 26 _ 0.2 
Subtotal Ve ay 9.8 
Rural: 
Interstate 839 Holl 
Major arterial 2,109 17.8 
Minor arterial 2,246 18.9 
Collector 5,509 46.4 
Subtotal 10,703 90.2 
Total 11,880 100.0 
Lane stratification Number Percent - 
One-lane 88 0.7 
Single structure, undivided 
Two-lane 9,701 81.7 
Four-lane 274 eS 
Single structure, divided 
Four-lane 174 eS 
Other 95 0.8 
Twin structure 
Two-lane 1,440 Anil 
Other 108 
Total 11,880 100.0 








Table 2.— Accident frequencies and rates by functional classification 





Functional classification 


Accidents per 
year per bridge! 


Accidents per 
million vehicles 





Urban: 
Interstate 
Major arterial 
Minor arterial 
Collector 


Average (weighted) 


Rural: 
Interstate 
Major arterial 
Minor arterial 
Collector 


Average (weighted) 


5.04 0.517 
2.66 0.656 
1.58 0.852 
0.78 0.479 
3.08 0.649 
1.09 0.456 
071 0.634 
0.51 0.762 
0.20 0.812 
0.44 0.738 





' Accident rates were computed on the basis of the bridge length plus 500 ft (152.4 m) in each 


direction. 
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Table 3.— Distribution of accident severity 


ng PR EE FT TT EF TE SLR TT EDP 





Percent incapacitating 
and fatal injury 





Functional classification 
Urban: 
Interstate 
Major arterial 
Minor arterial 
Collector 


Average (weighted) 


Rural: 
Interstate 
Major arterial 
Minor arterial 
Collector 


Average (weighted) 





Lane stratification 


Percent incapacitating 
and fatal injury 





One-lane 

Single structure, undivided 
Two-lane 
Four-lane 

Single structure, divided 
Four-lane 
Other 

Twin structure 
Two-lane 
Other 


Overall average (weighted) 


3) 


11.4 
5.6 





Table 4.— Accident frequencies and rates by bridge narrowness 
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Bridge narrowness 


























Accidents Accidents 

Number Bridge Shoulder per year per million 

of lanes width (ft) reduction — per bridge! vehicles 
1 <18 —? 0.12 elias 
> ie 0.15 PROD) 
<18, <Approach _ 0.38 1.884 
<18, =Approach = 0.09 0.751 
18-20, <Approach - 025 1.036 
18-20, =>Approach = 0.11 0.765 
< 20-22, <Approach _ 0.48 1.194 
3 » 20-22, =Approach ~ 0.28 il 213} 
3 = 22-24, <Approach o- 0.35 0.816 
= Oe 22-24, = Approach - 0.21 0.874 
oa >24 > 50% 0.70 0.746 
5 >24 <50% 0.45 0.661 
2 >24 None 0.37 0.586 
5 >50% 2.95 0.876 
4 N/A <50% 1.47 0.597 
None Daal 0.791 
>50% 2.99 0.681 
4 N/A <50% NS 0.565 
2 None 25a 0.498 
e >50% 14.24 0.790 
CO Other N/A < 50% 3.48 0.407 
7 None 4.28 0.398 
<24 = 1.66 0.577 
2 >24 >50% DBS 0.562 
= ni D >24 <50% LW 0.452 
3 Ss : >24 None 1.16 0.437 
ies >50% 6.17 0.753 
a= Other N/A <50% 8.35 0.834 
a None 4.75 0.562 
Total 0.70 0.729 





‘Accident rates were computed on the basis of the bridge length plus 500 ft (152.4 m) in each direc- 


tion, 


?Little or no shoulder width. 
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For multi-lane twin structures, bridges 
with no shoulder reduction had lower 
accident rates than did bridges with a 
shoulder reduction. However, the dif- 
ferences are not statistically signifi- 
cant, probably because of the small 
sample sizes. 


Shoulder reduction seemed to have a 
marginally significant effect on acci- 
dent severity on twin structures, with 
higher accident severities for bridges | 
with a shoulder reduction greater 
than 50 percent and lower severities 
for bridges with a shoulder reduction 
less than or equal to 50 percent. 
Bridge narrowness did not appear to 
have any effect on accident severity 
for single structures. 





Statistical Analysis 


Extensive statistical analyses were 
conducted to determine the relation- 
ships of accident frequency, rate, and 
severity at bridge sites to bridge and 
approach characteristics. Various 
statistical techniques were used, in- 
cluding analysis of variance, correla- 
tion analysis, factor analysis, simple 
and multiple linear regression, and 
discriminant analysis. The results are 
highlighted below. 


Results from the discriminant analysis 
indicate that bridges with accidents 
could reasonably be distinguished 
from bridges with no accidents based 
on certain physical and operational 
characteristics at bridge sites. For un- 
divided bridges, the discriminant 
variables, in order of importance, are 
ADT, roadside distraction, percent 
shoulder reduction, degree of bridge 
curvature, curb presence, bridge 
length, degree of approach curvature, 
and delineation. For divided bridges, 
the discriminant variables are ADT, 
roadside distraction, percent shoulder 
reduction, barrier rating?, Bridge 
Safety Index (BSI)*, percent bridge 
grade, speed limit, and bridge length. 
It should be noted, however, that 
these discriminant variables are not 
necessarily causal factors. 





3A composite index of ratings on the 
presence/absence and conditions of bridge rail, 
approach guardrail, transition rail, and end 
treatment. 


4A composite index of ratings on 10 factors 
relating to bridge and traffic characteristics. 
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Figure 1.—Accident rate by bridge width for two-lane undivided single structures. 


22-24 


0.87 


0.75 












> 50% shoulder reduction 


< 50% shoulder 
reduction 

No shoulder 
reduction 





SG. GK... GG 


> 24 
Iott=0.305m 





Results of discriminant analyses on 
accident severity (bridges with no in- 
capacitating and fatal accidents ver- 
sus bridges with incapacitating and 
fatal accidents) indicated that acci- 
dent severity on bridges is little af- 
fected by the physical and operational 
characteristics at the bridge sites. 


Stepwise multiple linear regression 
analyses were conducted to relate the 
physical and operational characteris- 
tics at bridge sites to accident fre- 
quency, rate, and severity for bridges 
with accidents. The regression results 
for accident frequency and rate are 
generally fair, with about 25 percent 
of the sample variations explained 
(R?=0.25). However, the regression 
results for accident severity are poor, 
with R* values of under 10 percent in 
most cases, again indicating that ac- 
cident severity is little affected by the 
physical and operational characteris- 
tics at bridge sites. 
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Although accident studies quantify 
the extent of a particular problem and 
provide valuable insight, they can on- 
ly provide general guidance to 
specific safety design questions such 
as acceptable bridge width and 
shoulder reduction. Accident studies 
are limited by inaccurate accident 
location; unreported accidents; the 
lack of readily available data on im- 
portant highway characteristics; the 
rare and random nature of traffic ac- 
cidents, making large sample sizes 
necessary; and the interrelationships 
of accident causal factors, confound- 
ing the establishment of strong 
statistical relationships. Thus, safety 
design decisions also must be based 
on the pure physics of the problem, 
traffic operational measures of effec- 
tiveness, and human factors research. 


Indepth Study of Bridge 
Accident Characteristics 


Indepth data were gathered on 124 
single-vehicle bridge accidents in 
which the first impact was with a 
bridge rail, bridge parapet end, or ap- 
proach guardrail to provide insights 
into accident details not available 
from police accident data, such as 
impact speed and angle, vehicle 
kinematics, and damages to bridge 
hardware. Over three-quarters of the 
accidents involved more than one im- 
pact; one-half of these accidents in- 
volved three or more impacts. The in- 
jury severity of an accident increased 
with the total number of impacts, 
clearly indicating the role of subse- 
quent impacts in the severity of these 
kinds of accidents. 
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One-quarter of the vehicles were 
yawing at greater than 30 degrees at 
impact. Vehicle yawing probably 
would have no adverse effect for im- 
pacts with typical bridge rail or guard- 
rail sections; however, yawing could 
increase the severity of impacts with 
bridge rail or parapet and guardrail 
ends. Also, it could increase the 
possibility of rollovers. Vehicle yawing 
possibly should be a parameter in the 
design of barrier systems. 


Also, a surprisingly high percentage 
of the impacts resulted in improper 
barrier performance (for example, 
overriding, vaulting, or penetration), 
and this potential problem should be 
examined closely. Also, subsequent 
impacts were prevalent for barrier col- 
lisions at bridge sites. Post-impact 
trajectory of vehicles should be 
studied closely for bridge rail and ap- 
proach guardrail designs. 


Conclusions and 
Recommendations 


Bridges are more dangerous than the 
highway system as a whole, and nar- 
row bridges can be a safety problem. 
This study provided directions for 
identifying bridges that may have a 
potential accident problem and are 
candidates for countermeasure ap- 
plications. Discriminant functions and 
regression models developed in this 
study may be used to identify bridges 
with potential safety problems. 
However, it is essential to maintain 
design consistency in applying bridge 
accident countermeasures so that 
driver expectancy will not be violated; 
the application of countermeasures 
should be considered both on an in- 
dividual bridge basis and on a 
systemwide basis. 
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Figure 2.—Accident rate by bridge width and percent shoulder reduction for two-lane twin 


Structures. 
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Although the effectiveness of acci- 
dent countermeasures was not 
evaluated in this study, some obser- 
vations and suggestions regarding ac- 
cident countermeasures may be in- 
ferred from the study results. 


® Countermeasures requiring major 
reconstruction (for example, widening 
bridges more than the minimum 
widths required for bridges to remain 
in place given in the AASHTO 
“Green Book” (4) and realigning ap- 
proach roadways) may not be cost- 
effective on the sole basis of safety 
benefits, given the lack of strong rela- 
tionships found in this study between 
accidents and any of the physical 
features at bridge sites. 


e If a bridge or its approach roadway 
is going to be reconstructed for other 
reasons such as structural deficiency, 
the bridge should be built to a design 
standard equal to that of the existing 
approach roadway or to the new 
design standard for the functional 
class of road if further improvements 
are planned for the approach road- 
way and/or the route involved. The 
study did not provide definitive 
guidance concerning acceptable 
bridge width and shoulder reduction. 
Certainly, as a minimum, where the 
full approach roadway width is 
greater than the width of the bridge, 
the width of new or reconstructed 
bridges should not be less than the 
minimum required roadway widths for 
new and reconstructed bridges. (4) 
However, this minimum requirement 
should not be construed as the op- 
timal safety standard. 


March 1986 ¢ PUBLIC ROADS 





SS 


* It is also suggested that bridges not 
have curbs. Extremely sharp curves 
or steep grades should be avoided on 
bridges and their approach roadways, 
but gentle horizontal and vertical 
alignment should not be a problem. 


e Bridge rail and parapet end impacts 
are by far the most severe bridge- 
related accident. Properly installed 
approach guardrail and transitions will 
significantly reduce accident severity 
and are highly recommended accident 
countermeasures. The frequencies of 
impacts with bridge rails and ap- 
proach guardrails are nearly equal, 
which suggests that barrier 
countermeasures should include com- 
bined retrofits of the bridge rail and 
approach guardrail systems. 


e Roadside distraction is strongly 
related to accident frequency, rate, 
and severity, suggesting that better 
land use control around bridge sites 
to minimize access points and poten- 
tial conflicts may be an effective acci- 
dent countermeasure. 
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Recent Research Reports 
You Should Know About 








The following are brief descriptions of 
selected reports recently published by the 
Federal Highway Administration, Offices 
of Research, Development, and 
Technology (RD&T). The Office of 
Engineering and Highway Operations 
Research and Development (R&D) includes 
the Structures Division, Pavements Divi- 
sion, and Materials Division. The Office of 
Safety and Traffic Operations R&D in- 
cludes the Traffic Systems Division, Safety 
Design Division, and Traffic Safety 
Research Division. The reports are 
available from the source noted at the end 
of each description. 


Requests for items available from the 
RD&T Report Center should be addressed 
to: 


Federal Highway Administration 
RD&T Report Center, HRD-11 
6300 Georgetown Pike 

McLean, VA 22101-2296 
Telephone: 703-285-2144 


When ordering from the National 
Technical Information Service (NTIS), use 
PB number and/or the report number with 
the report title and address requests to: 


National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 





Implementation of Polymer Im- 
pregnation as a Bridge Deck 
Sealant, Report No. 
FHWA/RD-85/094 


by Structures Division 


The surface treatment procedure for 
partially polymer impregnating con- 
crete bridge decks was refined and 
evaluated on eight full-sized highway 
bridges in various geographical loca- 
tions over a period of 8 years. This 
report discusses the field evaluation 
phase of this effort. Cost data of 
bridge deck impregnation are includ- 
ed in the report. Results are reported 
on an extensive series of chloride ion 
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intrusion tests performed. An appen- 
dix containing the most recent sur- 
face impregnation construction 
specifications also is included. 





The report may be purchased from 
NTIS (PB No. 85 248698). 


Polymer Concrete Used in 
Redecking a Major Bridge, Report 
No. FHWA/RD-85/079 


by Structures Division 


This report describes the successful 
use of polymer concrete for support- 
ing the precast deck elements to the 
existing girders and stringers on the 
Woodrow Wilson Bridge, which 
crosses the Potomac River between 
Virginia and Maryland. Over 30 mix- 
ture designs were tested to formulate 
a suitable mixture based on the 
casting of mockup specimens and 
physical strength tests. An unusual 
gap problem was observed between 
the concrete slab and the underneath 
cast polymer pedestals in the sawcut 


mockup specimens. A solution was 
found by creating an inverted cone of 
polymer concrete, which increased a 
fill hole from a 2%-in (63.5-mm) 
diameter to a 6-in (152.4-mm) 
diameter base at the bottom of the 
precast slab interface with the 
pedestal. 





The report may be purchased from 
NTIS (PB No. 85 249290). 


Evaluation of the Howard 
Frankland Bridge Surveillance and 
Control System in Tampa, Florida, 
Report No. FHWA/RD-85/061 


by Traffic Systems Division 


The Federal Highway Administration 
and the Florida Department of 
Transportation jointly funded the 
design and construction of a com- 
puterized surveillance and control 
system (SCS) for the Howard 
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New Diversion Route Trailblazers 





Frankland Bridge in Tampa, Florida. 
Three functions of the SCS are to 
detect incidents, manage traffic on 
the bridge, and divert bridgebound 
traffic during incidents causing 
serious delays. The SCS began full 
operations in June 1983. This report 
discusses the evaluation of the SCS. 


The SCS identified 45 percent of all 
traffic incidents; however, it 
significantly improved response time 
for only one-third to one-half of all in- 
cidents. Considering all incidents, 
89.6 percent were managed with lane 
closure; however, compliance with 
lane closure was low. For a signifi- 
cant portion of their duration, in- 
cidents were not protected by signing 
because of delays in detection, con- 
firmation, and implementation. Nine 
percent of all incidents were managed 
with diversion. Compliance with 
diversion was low despite the finding 
that diversion offered substantial 
travel time savings. SCS component 
failures were a problem, and the SCS 
had a cost-effectiveness ratio of 1.2 
to 1.0. 


It was concluded that non-automated 
sources of incident detection, par- 
ticularly motorist-aid phones, can be 
as reliable or more reliable than 
automated sources. Closed-circuit 
television can be useful in monitoring 
critical facilities such as bridges and 
tunnels. Diversion systems are feasi- 
ble but applicable to a narrow range 
of problems, and SCS’‘s require con- 
siderable maintenance and should be 
designed for reliability and easy serv- 
icing. 


The report may be purchased from 
NTIS (PB No. 85 230274). 
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Concepts for a Low-Cost Motorist 
Information System, Final Report 
and Appendix A, Report No. 
FHWA/RD-85/038, and Appendix 
B—Case Study, Report No. 
FHWA/RD-85/039 


by Traffic Systems Division 


These reports discuss a study that 
developed and evaluated concepts for 
a low-cost, practical motorist infor- 
mation system that would decrease 
travel time and improve safety, com- 
fort, and convenience. A list of 
motorist needs was developed and 
divided into dynamic information, 
which changes frequently and 
primarily includes information on traf- 
fic congestion and incidents; 
semidynamic information, which 
changes occasionally and primarily 
relates to motorist services, such as 
gas, food, lodging, and attractions in- 
formation; and static information, 
which changes infrequently and in- 
cludes information such as highway 
geometry and emergency services. 


Existing systems for addressing 
motorist needs were identified and 
evaluated. These systems are de- 
scribed by three basic functions: Data 
collection, data consolidation, and in- 
formation transmittal to motorists. 
These three functions form the basis 
of the concepts for improved motorist 
information systems. 


The reports may be purchased from 
NTIS (PB Nos. 85 243657 and 85 
243665). 
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Symbolic Sign for Oversized- 
Truck Route Signs, Report No. 
FHWA/RD-85/064 


by Traffic Systems Division 


The Surface Transportation 
Assistance Act of 1982 mandates 
greater national uniformity in truck 
size and weight, requiring some 
States to raise their limits, at least for 
trucks traveling on the Interstate 
System and portions of the Federal- 
Aid Primary System. The law pro- 
vides. for the States to mark these 
routes with appropriate signs. The 
study described in this report 
evaluated six candidate symbolic 
signs that could be used for these na- 
tionally designated truck routes. 


Truck drivers participated in tests of 
recognition time, meaning, and 
preference, and other drivers par- 
ticipated in tests of visibility, mean- 
ing, and preference. 


The findings indicate that a side-view, 
double-trailer symbol sign had the 
best recognition time and the best 
meaning scores. Even though in the 
visibility study this symbol sign did 
not have the longest recognition 
distances, no other symbol was la- 
beled as an oversized truck as often 
as the double-trailer symbol, possibly 
because the other candidate signs 
were confused with the presently 
used NO TRUCKS sign. Finally, the 
double-trailer symbol sign was over- 
whelmingly preferred by all test sub- 
jects over the other candidate signs. 


The report may be purchased from 
NTIS (PB No. 85 241883). 
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DISCOUNT RATES 


AND 


UNREPORTED ACCIDENTS 





Sensitivity of Resource Allocation 
Models to Discount Rate and 
Unreported Accidents, Report No. 
FHWA/RD-85/092 


by Traffic Safety Research 
Division 


Resource allocation models aid 
highway safety planning decisions by 
prioritizing projects based on their 
costs and benefits. A sensitivity 
analysis was conducted to see how 
project selection is affected by failure 
to adjust the accident data base for 
underreporting and, separately, by 
the choice of discount rate and 
accident-cost methodology used in 
computing accident costs and the 
present value of future benefits. The 
analysis used an optimization model 
developed by the Texas Transporta- 
tion Institute for the Federal Highway 
Administration and a data base from 
Alabama that contained accident data 
from 216 high-accident locations as 
well as data on proposed counter- 
measures. 


The choice of discount rate and acci- 
dent cost methodology can have a 
significant impact on the highway 
safety projects selected and the 
benefits realized. This effect will be 
particularly noticeable if the choice of 
discount rate is an extreme one. The 
project selection is likely to be 
relatively stable in the discount rate 
range of 3 to 7 percent that was 
recommended for sensitivity analysis. 
Any project selected within this range 
will have little effect on total benefits 
and costs. 


Unreported accidents also can play a 
decisive role in highway safety project 
selection. For the particular data set 
used in this analysis, projects selected 
changed little at budget levels of 
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$300,000 to $900,000 when the per- 
cent of reported accidents was re- 
duced. However, at budget levels of 
$1.2 million to $1.5 million, project 
selection changed considerably with a 
loss in total benefits. This suggests it 
is very important to account for the 
underreporting of accidents when a 
reporting threshold of towaway, in- 
jury, and fatal accidents is used. 


The report may be purchased from 
NTIS (PB No. 85 243806). 


Benefits and Safety Impact of 
Night Work Zone Activities, 
Report No. FHWA/RD-85/067 





by Safety Design Division 


Through a literature review and 
discussions with highway and 
transportation officials in several 
States, information was obtained on 
questions and concerns relating to 
the planning, safety, and traffic con- 
trol aspects of night maintenance and 
construction activities and their ad- 
vantages and disadvantages. The in- 
formation obtained was used to 
develop the general guidelines 
presented in this report on when and 
how maintenance and construction 
work should be performed at night. 
The report presents case studies il- 
lustrating the activities required in dif- 
ferent kinds of night maintenance and 
construction activities. Although 
there are many potential disadvan- 
tages of working at night, it is be- 
lieved that through the experience 
that has been gained and proper 
planning and special concern for con- 
struction worker and motorist safety, 
night work is feasible for selected 
maintenance and construction ac- 
tivities. 


The report may be purchased from 
NTIS (PB No. 85 213320). 





Improvements and New Concepts 
for Traffic Control in Work Zones, 
Volumes 1-4, Report Nos. 
FHWA/RD-85/034-037 


by Safety Design Division 


Volume 4, Speed Control in Work 
Zones, of this report series presents 
the results of a study to develop ef- 
fective methods of slowing traffic to 
an acceptable speed in work zones. 
Factors considered in the study in- 
cluded cost, motorist and worker 
safety, institutional constraints, and 
probability of success in obtaining the 
desired speed. 


Field tests were conducted to 
evaluate the short-term effectiveness 
of flagging, law enforcement, 
changeable message signs, and lane- 
width reduction in work zones on an 
undivided multilane urban arterial, an 
urban freeway, and two rural 
highways. Several different configura- 
tions of the four speed control 
methods were evaluated. 


The results indicated that flagging 
and law enforcement were the most 
effective methods evaluated. These 
results are based on data collected 
over 2 to 3 hours. Additional evalua- 
tions are planned to determine if flag- 
ging and law enforcement are effec- 
tive over a longer period of time. 


This report also contains a summary 
of the three other volumes in this 
series. Volume 1, Effects of Traffic 
Control on Four-Lane Divided 
Highways, Volume 2, Implementa- 
tion of Work Zone Traffic Control, 
and Volume 3, Abbreviated Mark- 
ing Patterns in Work Zones, may 
be purchased from NTIS (PB Nos. 85 
207561, 85 207579, and 85 207587). 
Limited copies of Volume 4 are 
available from the RD&T Report 
Center. 
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Implementation/ User Items 


“how-to-do-it”’ 





The following are brief descriptions of 
selected items that have been completed 
recently by State and Federal highway 
units in cooperation with the Office of Im- 
plementation, Offices of Research, 
Development, and Technology (RD&T), 
Federal Highway Administration. Some 
items by others are included when the 
items are of special interest to highway 
agencies. 


NB ETE IL I BIEL LEE DS PEEL CDT SE I TS LE 


When ordering from the National 
Technical Information Service (NTIS), use 
PB number and/or the report number with 
the report title and address requests to: 


National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 








Organic Yellow Traffic Paint, 
Report No. FHWA-TS-84-227 


by Office of Implementation 


This report summarizes the results of 
a field evaluation of two organic 
yellow paints—a 50/50 mixture of 
white and yellow and a control sec- 
tion consisting of each participating 
State’s standard yellow traffic paint. 
Also discussed are the paint formula- 
tions, laboratory and field tests, and 
the results of the States’ evaluations. 
The study recommends that the color 
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standard for yellow traffic paint be 
revised to allow a broader range, 
specifically the lighter yellow shades. 


The report may be purchased from 
NTIS. 


Hydraulic Design of Highway 
Culverts, Report No. 
FHWA-IP-85-15 


by Office of Implementation 


This comprehensive culvert design 
publication combines culvert design 
information contained in Hydraulic 
Engineering Circulars No. 5, No. 10, 
and No. 13 with hydrologic, storage 
routing, and special culvert design 
considerations. Culvert design 
methods are presented for both con- 
ventional culverts and culverts with 
inlet improvements. Also included are 
storage routing techniques that per- 
mit the designer to account for 
upstream ponding effects. Special 
design considerations for unique 
culvert applications, erosion and sedi- 
ment control, debris control, and 
structural appurtenances are briefly 
discussed and referenced. The appen- 
dixes of the publication contain the 
equations and methodology used to 
construct the design charts, informa- 
tion on hydraulic resistance for cor- 
rugated metal culverts, and methods 
of optimizing culvert design using 
performance curves. 





The report may be purchased from 
the Superintendent of Documents, 
U.S. Government Printing Office, 
Washington, DC 20402 (Stock No. 
050-001-00298-1). 
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1983 National Value Engineering 
Conference— Proceedings Synop- 
sis, Report No. FHWA-TS-85-208 


by Office of Implementation 


This report documents the pro- 
ceedings of the 1983 National Value 
Engineering Conference held in 
Kissimmee, Florida, on November 
16-18, 1983. The conference was 
sponsored by the Florida Department 
of Transportation in cooperation with 
the Federal Highway Administration’s 
Office of Engineering and the Office 
of Implementation in the Offices of 
Research, Development, and 
Technology. 


1983 National 
Value Engineering 


Conference 


Included in the report are edited 
transcripts of the presentations, 
technical papers, and question-and- 
answer panel review sessions that 
were completed during the 3-day 
conference. Of particular interest 
were the presentations and panel ses- 
sions that covered new and unique 
applications of value engineering 
techniques to functionally analyze a 
State department of transportation’s 
organizational structure and obtain 
balanced technical and cost-saving 
solutions to highway design and con- 
struction problems. 


The report may be purchased from 
NTIS. 
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Dynamic Compaction of a 
Sanitary Landfill, Report No. 
FHWA-TS-85-227 


by Office of Implementation 


This report provides background in- 
formation and describes construction 
operations involved in the dynamic 
compaction of a newly completed 
sanitary landfill that was crossed dur- 
ing the relocation and construction of 
U.S. Rte. 71 near Springdale, Arkan- 
sas. The report includes a history of 
the project, location and plans for the 





highway, geological survey data of 
the area, information concerning the 
landfill itself, and analyses of alter- 
native solutions. Also included are 
details outlining the method used in 
determining the specialty contractor 
required for such a project. Load test 
results and implementation of a long- 
term monitoring plan to determine 
the extent and rate of settlement also 
are outlined. 


The report may be purchased from 
NTIS. 
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New Research in Progress 








The following new research studies 
reported by FHWA’s Offices of Research, 
Development, and Technology are spon- 
sored in whole or in part with Federal 
highway funds. For further details on a 
particular study, please note the kind of 
study at the end of each description and 
contact the following: Staff and ad- 
ministrative contract research— Public 
Roads magazine; Highway Planning and 
Research (HP&R)—performing State 
highway or transportation department; 
National Cooperative Highway Research 
Program (NCHRP)—Program Director, Na- 
tional Cooperative Highway Research Pro- 
gram, Transportation Research Board, 2101 
Constitution Avenue, NW., Washington, 
DC 20418. 


FCP Category 1— Highway 
Design and Operation for 
Safety 


FCP Project 1A: Traffic and Safety 
Control Devices 


Title: Driver Risk Perception and 
Performance. (FCP No. 31A3134) 
Objective: Develop a measure of 
driver risk perception. Determine the 
relationship between risk perception 
and other driver characteristics such 
as age, experience, and degree of im- 
pairment. Examine the effects of traf- 
fic control devices, geometrics, and 
visual guidance factors (lighting and 
delineation) on driver risk perception. 
Ascertain how the driver’s perception 
of risk translates into actual risk- 
taking and other behavior in the 
highway environment. 

Performing Organization: Comsis 
Corporation, Wheaton, MD 20902 
Expected Completion Date: March 
1988 

Estimated Cost: $198,000 (FHWA 
Administrative Contract) 
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FCP Project 1P: Night Visibility 


Title: Enhancement to the 
DOT/FHWA Highway Simulator 
(HYSIM). (FCP No. 31P1033) 
Objective: Provide an engineering 
design for the first planned enhance- 
ment in visual display capability for 
the FHWA HYSIM. Increase resolu- 
tion, add scene complexity and 
higher brightness levels, and include 
interacting vehicles in the scene. 
Performing Organization: Systems 
Technology, Inc., Hawthorne, CA 
90250 

Expected Completion Date: 
December 1986 

Estimated Cost: $212,130 (FHWA 
Administrative Contract) 


FCP Project 1T: Roadside Safety 
Hardware 


Title: Rollover Caused by Con- 
crete Safety Shape Barriers. (FCP 
No. 31172452) 

Objective: Determine causes of vehi- 
cle rollover and seek solutions. 
Review accident data. Use computer 
simulation with measured vehicle in- 
ertial and suspension properties to 
study the effects of front-wheel drive, 
wheel inertia, barrier coefficient of 
friction, nonlevel terrain, and asphalt 
overlays. Conduct full-scale tests to 
validate the analytical results, if re- 
quired. 

Performing Organization: Texas 
A&M Research Foundation, College 
Station, TX 77843 

Expected Completion Date: March 
1988 

Estimated Cost: $150,000 (FHWA 
Administrative Contract) 


FCP Category 2—Traffic 
Control and Management 


FCP Project 2L: Electronic Devices 
for Traffic Control 


Title: Malfunction Management of 
Traffic Signals. (FCP No. 32L1242) 
Objective: Develop conceptual 
design and preliminary specifications 
for automatic malfunction detection 
of traffic signal control hardware. 
Determine which traffic control in- 
tersection hardware is most prone to 
failure. Analyze frequency of failure, 
cost of providing the hardware to 
detect failure, and alternative com- 
munication links and modes for the 
most cost-effective ways of com- 
municating with isolated nonintercon- 
nected intersections to assess equip- 
ment status. 

Performing Organization: 
Magnavox, Inc., Falls Church, VA 
22042 

Expected Completion Date: March 
1987 

Estimated Cost: $235,400 (FHWA 
Administrative Contract) 


FCP Project 2P: Urban Freeway 
Management 


Title: Corridor Traffic Manage- 
ment for Temporary Flow Disrup- 
tions. (FCP No. 32P2172) 
Objective: Develop and document 
guidelines and case study examples 
for the application of corridor traffic 
management techniques to improve 
critical link flow disruptions. Include 
flow reductions as well as complete 
restrictions from either planned or 
unplanned incidents such as bridge 
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repair, major freeway reconstruction, 
large-truck accidents, and bridge col- 
lapse. Use existing traffic simulation 
models and traffic assignment tech- 
niques to demonstrate alternative 
management techniques. 
Performing Organization: GAI Con- 
sultants, Inc., Monroeville, PA 15146 
Expected Completion Date: 
September 1987 

Estimated Cost: $158,000 (FHWA 
Administrative Contract) 


FCP Category 3— Highway 
Operations 


FCP Project 3B: Environmental 
Management 


Title: Design Guidelines for Pro- 
tective Systems for Spills of 
Hazardous Materials on the 
Highway System. (FCP No. 

33B 1062) 

Objective: Develop design guidelines 
for protective systems for incorpora- 
tion in the highway system. Evaluate 
alternative designs and determine ef- 
fectiveness. Emphasize the feasibility 
of incorporation of protective 
measures in existing highways as well 
as into new designs. 

Performing Organization: Kansas 
State University, Manhattan, KS 
66506 

Expected Completion Date: Oc- 
tober 1987 

Estimated Cost: $149,520 (FHWA 
Administrative Contract) 


FCP Category 4— Pavement 
Design, Construction, and 
Management 


FCP Project 4A: Pavement 
Management Strategies 


Title: Cost Comparison of 
Maintenance Activities and a 
Selected Cost/Benefit Applica- 
tion. (FCP No. 44A2072) 
Objective: Develop cost data model 
of routine maintenance activities for 
in-house and contractor forces. 
Develop a cost comparison analytical 
model for contract versus in-house 
accomplishment of routine 
maintenance activities. Prepare a case 
study cost/benefit analysis of road- 
side vegetation management alter- 
natives. Conduct an analysis of the 
potential cost/benefits of a Bermuda 
grass release program for roadside 
vegetation. 

Performing Organization: Texas 
Transportation Institute, College Sta- 
tion, TX 77843 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
August 1986 

Estimated Cost: $145,000 (HP&R) 


Title: Pavement Management Ap- 
plication of New Data Base. 

(FCP No. 44A3402) 

Objective: Enhance ongoing soft- 
ware developments associated with 
the Utah Department of Transporta- 
tion common data base composed of 
key parameters from planning, safety, 
and pavement condition. Concentrate 
on providing information for pave- 
ment management applications. 
Performing Organization: Utah 
Department of Transportation, Salt 
Lake City, UT 84114 

Expected Completion Date: 
September 1987 

Estimated Cost: $23,600 (HP&R) 


FCP Project 4B: Design and 
Rehabilitation of Rigid Pavements 


Title: Design of Rest Area Com- 
fort Stations. (FCP No. 44B1111) 
Objective: Develop design criteria for 
safety rest area to result in safe, 
clean, efficient, easy to maintain, and 
cost-effective rest area comfort sta- 
tions and facilities. Determine usage, 
vehicles using the facility, and opera- 
tion and maintenance costs. Evaluate 
alternative energy sources and ap- 
plications. Investigate innovative 
building materials and methods and 
security and legal liability. Develop, 
implement, and evaluate prototype 
designs and develop a design manual 
for rest area comfort stations. 
Performing Organization: Universi- 
ty of Texas at Austin, Austin, TX 
78712 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
September 1988 

Estimated Cost: $310,000 (HP&R) 


Title: Thin Bonded Overlay Im- 
plementation. (FCP No. 44B1338) 
Objective: Determine under what 
conditions (distress manifestations 
and remaining service life) thin bond- 
ed overlays are the most appropriate 
rehabilitation technique. Develop an 
outline of construction specifications 
to ensure good quality thin bonded 
concrete overlays. Evaluate various 
materials and their relative advan- 
tages and disadvantages and the 
strength, durability, and economics of 
different overlay thicknesses. Develop 
a users design and construction 
manual for thin bonded overlays. 
Performing Organization: Universi- 
ty of Texas at Austin, Austin, TX 
IRIAN C2 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
August 1988 

Estimated Cost: $230,000 (HP&R) 
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Title: Materiais and Methods for 
Undersealing Concrete 
Pavements. (FCP No. 34B2192) 
Objective: Document current 
undersealing materials, problems, and 
advantages of their application and 
performance in inservice pavements. 
Identify other materials that may have 
improved ease of application and im- 
proved performance. Select the most 
promising materials based on costs 
and laboratory testing. Evaluate these 
promising materials in experimental 
pavement rehabilitation projects. 
Performing Organization: Austin 
Research Engineers, Inc., Austin, TX 
78745 

Expected Completion Date: March 
1988 

Estimated Cost: $150,000 (FHWA 
Administrative Contract) 


Title: Rigid Pavement Data Base. 
(FCP No. 44B2314) 

Objective: Evaluate the needs for 
pavement condition survey data. 
Select appropriate sections and ob- 
tain pavement condition data and up- 
date condition data procedures. In- 
vestigate incorporating the pavement 
condition data into a data base 
management system, and make ap- 
propriate recommendations. Develop 
an integrated overlay design manual 
for rigid pavements using the existing 
data base and existing overlay design 
procedures for each kind of rigid 
pavement. 

Performing Organization: Universi- 
ty of Texas at Austin, Austin, TX 
78712 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
August 1988 

Estimated Cost: $190,000 (HP&R) 


PUBLIC ROADS « Vol. 49, No. 4 


FCP Project 4C: Design and 
Rehabilitation of Flexible 
Pavements 


Title: Design and Performance of 
Asphalt Concrete Pavement (ACP) 
Overlays on Concrete Pavements. 
(FCP No. 44C4254) 

Objective: Develop guidelines and 
procedures to be used in the 
thickness and mix design of ACP 
overlays on concrete pavements. 
Performing Organization: Texas 
Transportation Institute, College Sta- 
tion, TX 77843 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
August 1988 

Estimated Cost: $190,000 (HP&R) 


Title: Treatment of Asphalt Mix- 
tures With Lime and Antistripping 
Agents. (FCP No. 44C4374) 
Objective: Determine the effec- 
tiveness of hydrated lime and 
selected liquid antistripping agents. 
Evaluate the relationships between 
test values for different mixtures and 
antistripping agents using indirect 
tensile test (wet-dry), Texas freeze- 
thaw pedestal test, Texas boiling test, 
and other tests. Evaluate field per- 
formance for different mixtures using 
different antistripping agents and 
relate test values to performance. 
Performing Organization: Universi- 
ty of Texas at Austin, Austin, TX 
USTAZ 

Funding Agency: Texas State 
Department of Highways and Public 
Transportation 

Expected Completion Date: 
August 1990 

Estimated Cost: $300,000 (HP&R) 


FCP Project 4D: Improved Flexible 
Binders 


Title: Asphalt Behavior at Low 
Service Temperature. (FCP No. 
34D1103) 

Objective: Investigate the response 
of asphalts to varying cooling rates 
and repeated strains in the low 
temperature service range using new- 
ly developed methodology based on 
fracture mechanics. Determine how 
thermal cracking is initiated in asphalt 
pavements and how the initiation and 
propagation of cracks is affected by 
asphalt properties. Suggest methods 
to control this problem. 

Performing Organization: Penn- 
sylvania State University, University 
Park, PA 16802 

Expected Completion Date: April 
1988 

Estimated Cost: $172,860 (FHWA 
Administrative Contract) 
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FCP Category 5— Structural Expected Completion Date: and report significant aspects of 
Design and Hydraulics September 1987 observed behavior that are not now 
g Estimated Cost: $200,000 (NCHRP) considered in load capacity estimates. 


. f . O . ra} . U ° a 
FCP Project 5A: Bridge Loading Performing Organization: Univer 





Perce Title: Distortion-Induced Fatigue sity of Tennessee, Knoxville, TN 
anc.Design Critet a Cracking in Steel Bridges. (FCP 37996 
ee : . ; No. 55K2102) Expected Completion Date: 

UL A eae Wasa ar Objective: Quantify the fatigue September 1987 
Continuous. (ECP No. 55A4012) resistance of bridge details that are Estimated Cost: $200,000 (NCHRP) 
Objective: Investigate the behavior susceptible ue distortion-induced TY Noone S her 
of precast, prestressed bridge girders fatigue cracking and evaluate the SUG) BuO SOF otrengteiEs 
ae Fant ol ae by connections us- retrofit procedures used to repair Existing Highway Bridges. (FCP 
in- such damage. No. 55K3052) | 
He Ra ana sr Performing Organization: Lehigh Objective: Evaluate the feasibility | 
coe eit it ae ban nee: University, Bethlehem, PA 18015 and cost-effectiveness of present 

a piers thar aaninomcedttc Expected Completion Date: strengthening methods as applied to 
SaaS September 1988 various bridge types and identify 


compute elastic, inelastic, time- 
dependent, and ultimate moments 
commensurate with the degree of 


Estimated Cost: $250,000 (NCHRP) cost-effective, innovative methods. 
Performing Organization: lowa 


see ee eee . Title: Calibration of Bridge State University, Ames, IA 50011 
CY bad ea MACROSS Capacity Estimates With Existing Expected Completion Date: 
NON Sie cit Sleek Test Data. (FCP No. 55K2112) December 1986 
aol dual ale OLE ETE CULL e selR ee Objective: Assemble domestic and Estimated Cost: $150,000 (NCHRP) 


tion Technology Laboratory, Skokie, 
IL 60077 


Expected Completion Date: a EE eS 


foreign test data to identify, quantify, 
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New Publications 





The Offices of Research, Develop- 
ment, and Technology (RD&T) have 
released their 1984-1985 Report of 
the Offices of Research, Develop- 
ment, and Technology. This report 
is a continuation of the series of an- 
nual reports previously entitled 
‘Federally Coordinated Program of 
Highway Research, Development, 
and Technology”’ and published for 
fiscal years 1974 through 1983. The 
latest report briefly discusses the 
goals and problems of the Federally 
Coordinated Program (FCP) of 
Highway Research, Development, 
and Technology and describes ac- 
complishments in highway RD&T 
during fiscal years 1984 and 1985 in 
the areas of highway design and 
operation for safety; traffic control 
and management; highway opera- 
tions; pavement design, construction, 
and management; and structural 
design and hydraulics. Also 
highlighted are other activities of the 
Offices of RD&T and the innovative 
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research laboratories for FHWA in- 
house research at the Turner-Fairbank 
Highway Research Center in McLean, 
Virginia. The proposed Strategic 
Highway Research Program (SHRP), 
expected to be implemented in fiscal 
year 1987, also is outlined. 


Also released by the Offices of RD&T 
is the brochure Research Facilities 
at the Turner-Fairbank Highway 
Research Center that describes the 
laboratory facilities at the Center. 
These laboratories greatly enhance 
the potential scope and quality of the 
Federal Highway Administration 
research program by allowing in- 
house studies of the fundamental 
aspects of chronic highway problems, 
special investigations and quick solu- 
tions for specific emergency prob- 
lems, and the development of staff 
capabilities. 


The brochure provides a brief descrip- 
tion of the new laboratories in the 
Turner Building, the renovated 
laboratories in the Fairbank Building, 
and the outdoor testing facilities at 
the Center. The kind of research per- 
formed in the laboratories is de- 
scribed as well as the purpose of the 
research and innovative equipment 
used in gathering and processing 
data. 


While supplies last, individual copies 
of the report and brochure are 
available without charge from the 
Federal Highway Administration, 
RD&T Report Center, HRD-11, 6300 
Georgetown Pike, McLean, Virginia 
22101-2296. (Telephone: 703- 
285-2144.) 
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This issue of Public Roads includes the title sheet for volume 49 (June 
1985-March 1986). Including the title sheet in the March issue (and in future 
March issues for subsequent volumes) is a change from previous volumes when 
the title sheets were published as separate flyers and mailed at the same time as 
the June issue. 


As with previous volumes, the title sheet chronologically lists article titles and 
alphabetically lists authors’ names. 


yx U.S. Government Printing Office: 1986—491-825/40002 
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